Background: The comprehensive meta-analysis aimed to explore the reductive effect of aerobic exercise on blood pressure of hypertensive patients.
Introduction
Physical activity is an important adjunct to medical management in the therapy of cardiovascular diseases (CVD). [1] Previous studies reported that moderate-intensive exercise was closely related with a low incidence of adverse CVD events and improved health outcomes, [2] and a higher-intensity activity may provide a better benefit. [3] Meanwhile, large-scale population-based trials have documented that 15 minutes of daily exercise in leisure-time will confer about 15% mortality reduction in cardiovascular mortality. [4] Physical activity has variety physiologic effects on the cardiovascular system, and the most notably influences are improving vascular endothelial function via enhancing flowmediated vasodilation, reducing the resting heart rate by increasing parasympathetic tone, increasing vasculogenesis via endothelial progenitor cells, and strengthening tolerance for ischemia and reperfusion injury. [5] In China, the incidence of CVD mortality has increased more than 50% from 1990 to 2009, and most of them are attributed to lack of physical activity. [6] All of these evidences may indicate that physical activity plays a crucial role in the administration of CVD. Therefore, it is very useful to perform a comprehensive evaluation on the clinical outcome of physical activity on CVD.
Aerobic exercise is one of nonpharmacological treatment methods and is recommended by European and American hypertension guidelines to reduce blood pressure. [7, 8] It is reported that moderate-intensity aerobic exercise is able to reduce both systolic blood pressure (SBP) and diastolic blood pressure (DBP) in both male and female patients with essential hypertension in pre-or stage 1. [9] Meanwhile, previous research also reported that exercise training altered the balance between vasodilatation-and vasoconstriction-related cytokines, such as nitric oxide, [10] prostacyclin, and thromboxane. [11] However, other studies support the opposite opinions. Fagard [12] and Whelton et al [13] have reported that exercise training has not caused a reduction on blood pressure. Moreover, a trimester exercise training also shows no reduction on blood pressure, except in a few resistance hypertension. [14] In spite of this difference, these results are mainly obtained from small sample researches, thus, the effect of aerobic exercise on hypertensive blood pressure may have some deviations. Therefore, the aim of this comprehensive meta-analysis was to exposit the real effect of aerobic exercise on blood pressure in hypertensive patients, so that it can provide us with some reliable and useful views for essential hypertensive treatment.
Methods and materials

Data sources
The systematic search strategies were conducted according to the Meta-analysis of Observation Studies in Epidemiology (MOOSE) guidelines. [15] Based on the searching strategies, the English papers were selected from Pubmed (http://www.ncbi.nlm.nih. gov/pubmed) and Embase (http://www.embase.com) databases, as well as by literature tracing method from their inception to June 2015. Key search terms were essential hypertension (OR "Primary hypertension" OR "Essential hypertensive") AND aerobics (OR "aerobic" OR "cardio").
Inclusive criteria
Studies were included in this meta-analysis if they met the following criteria: the study [1] must be an English paper about the effect of aerobics effect on primary hypertension reduction [2] ; must have a definitely diagnostic criterion for primary hypertension: SBP ≥140 mm Hg and DBP ≥90 mm Hg, or being medicated for hypertension [3] ; and can provide or calculate the SBP and DBP for hypertensive patients. Studies were excluded if they were reviews, reports, letters, or comments.
Data extraction
Two authors independently abstracted all related data from the enrolled papers, including: 1st author, publication year, study country, the participant numbers in aerobic group and control group, general demographic characteristics (eg, gender ratio, age composition, and BMI), and SBPs and DBPs before and after aerobic exercise. A 3rd author would be involved to solve the disagreements and differences during data extraction.
Statistical analysis
In the current study, meta-analysis was conducted by R 3.12 software (R Foundation for statistical Computing, Beijing, China, Meta-package), the effect indicators of quantitative data were showed by standardized mean difference (SMD) and their 95% confidence intervals (CIs). Heterogeneity was assessed by x 2 -based Q-test [16] and I 2 statistics, by which P < 0.05 or I 2 > 50% was recognized heterogeneous and the random-effects model was selected to calculate the pooled effective size; or else, fixed-effects model was selected to calculate the pooled effective size. [17] Publication bias was evaluated by Egger test and the threshold was set as P < 0.05. [18] Moreover, the sensitivity analysis was evaluated by "leave one out" method with I 2 > 50% as the criterion. [18] 3. Results
Characteristics of included studies
The detailed screening flow chart is presented in Fig. 1 . Based on the aforementioned selection strategies, a total of 348 researches were included. After repeated studies were excluded, 204 researches were put through title scanning and abstract reading. As a result, 162 of them were not met the selected criteria. After reading full texts of the remaining 42 researches, 29 of them were excluded, including reviews (n = 3), case reports (n = 2), and studies that were unable to obtain related data (n = 11). Finally, a total of 13 researches were included in the meta-analysis. [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] By integrating the 13 included studies, a total of 802 primary hypertensive patients were enrolled, including 424 cases in aerobics group and 378 cases in control group. The general characteristics of the included researches were tabulated (Table 1) . It was clearly showed that although the included papers were published from 1985 to 2015, most of them were performed after 2003; their follow-up time ranged from 4 weeks to 6 months. For the included patients, their nationalities were mainly concentrated in America, the United Kingdom, Japan, Norway, Nigeria, and so on; meanwhile, the overall patients were unbalanced in gender composition with more males than females; however, the distribution in 2 groups was balanced. Furthermore, there were no significant differences in ages and BMIs between 2 groups in each study.
Meta-analysis for pooled quantitative data
Based on the thresholds of P < 0.05 and or I 2 > 50%, the significant heterogeneous results on SBP and DBP evaluations were identified (P < 0.05, I
2 > 50%), so the random-effects model was selected. According to the pooled results, no significant differences were identified in both SBP and DBP between aerobic and control groups before aerobic exercise (SBP: SMD = 0.15, 95%CI: À0.16-0.46, Fig. 2A ; DBP: SMD = 0.16, 95% CI: À0.23-0.55, Fig. 2B ). However, significant reductions on SBP and DBP were observed in aerobic group, compared with their respective control groups after aerobic exercise (SBP: SMD = À 0.79, 95% CI: À1.29 to À0.28, Fig. 3A ; DBP: SMD = À0.63, 95% CI: À1.14 to À0.12, Fig. 3B ).
Publication bias estimation
According to the Egger test results, there were no significant publication biases identified between aerobic and control groups in SBP and DBP before aerobic exercise (t = À1.4047, P = 0.1855; 
Medicine t = 1.0943, P = 0.2953). These results meant that these combined results were reliable and credible. Meanwhile, there was also no publication bias in DBP between 2 groups after aerobic exercise (t = À1.4962, P = 0.1604). Nonetheless, an unexpected publication bias was identified in SBP between 2 groups after aerobic exercise (t = À2.2314, P = 0.04549).
Sensitivity estimation
After sensitivity analysis using the "leave one out" method, the pooled DBP was altered after leaving 2 included articles out, [21, 22] but the SBP was not. This result meant that SBP had a relatively stable analysis result in this research.
Discussion
Based on the selected criteria, a total of 13 papers with 802 essential hypertensive patients were included in this study to illustrate the effect of aerobic exercise on hypertensive control. The pooled data of meta-analysis showed that there were no significant differences of SBP and DBP between aerobic group and control group before aerobic exercise training, and there were also no publication biases identified for them. However, significant reductions of SBP and DBP were obviously identified in aerobic group after aerobic exercise training while compare with control group, and a significant publication bias was identified in SBP due to aberrant age, BMI, and training time, while DBP was not. Besides, the sensitivity estimation showed a relatively stable result for SBP, but the result of DBP was altered after excluding 2 individual studies.
As many researches and guidelines present previously, aerobic exercise training is an important complementary treatment strategy for hypertensive control. A research of Cornelissen and Fagard [32] has showed that aerobic exercise is able to reduce SBP and DBP by about 7 and 5 mm Hg, respectively. Meanwhile, long-term results (12 and 16 weeks) also show that aerobic exercise plays a beneficial effect on SBP and DBP level controls. [33, 34] Besides, Molmen-Hansen et al [30] have also reported that the reducing effects of aerobic exercise on SBP and DBP are intensity-dependent. Therefore, according to the previous researches and our findings in this study, it might be acknowledged that aerobic exercise might play a crucial role in the reductions of SBP and DBP in essential hypertensive patients. Devan et al [35] consider that one explanation for this reduction effect was the regular aerobic exercise could prevent the ageassociated vascular endothelial dysfunction. An experiment in rats shows that aerobic exercise training can reduce blood pressure via improving vascular stiffness and endothelial function. [36] However, a previous meta-analysis showed that aerobic exercise training was not able to induce arterial stiffness in hypertensive patients, unless having a prolonged duration and/ or an obvious reduction in SBP, [37] but how does it affect essential hypertension is still elusive. Hence, a comparison of different training time is required. Nyberg et al [10] have reported that blood pressure can be regulated by nitric oxide and prostanoid systems, which are substances for blood vessel dilation and can be influenced by aerobic exercise training. Psychosocial stress is an important factor in the pathogenesis of essential hypertension, while appropriate intensive aerobic exercise can alleviate the mental stress to decrease the sympathetic nervous system which is .9 ± 1.1 148 ± 2 9 1 ± 4 1 4 9 ± 3 9 0 ± 5 AE = aerobic exercise, BMI = body mass index, DBP = diastolic blood pressure, M/F = male/female, NA = not available, SBP = systolic blood pressure.
Wen and Wang Medicine (2017) 96:11 www.md-journal.com related to the origin of essential hypertension. [38] [39] [40] Besides, improving insulin sensitivity may be another potential mechanism of aerobic training on blood pressure reduction. [41] Furthermore, it was worth noting that the pooled SBP after aerobic exercise had a significant publication bias, and the DBP effect was altered after excluding 2 of included papers. In the research of Meirelles, a relatively high BMI with a long-term aerobic training might induce a more significant reduction on SBP, which was too different to other results, so that the result was obviously altered after the removal of this study. A plausible explanation for the research of Duncan et al was age-bracket. Essential hypertension is an age-dependent chronic disease. [42] However, the patients' ages of Duncan et al were narrowed to a range of 21 to 37 years, which might be a causative factor for the reverse result when it was removed.
In the present study, a comprehensive meta-analysis was conducted to estimate the reduction effect of aerobic exercise on blood pressure control for essential hypertensive patients. Therefore, our results might be of great value to provide guidelines for the control of blood pressure via aerobic exercise. However, there were still some limitations in this study. First, there lacked a comprehensive demographic data, such as populations, exercise way and intensity, job category, and other related diseases, which was unable to conduct subgroup analyses stratified by these factors. For example, Collier et al [20] have reported that moderate intensive resistance exercise plays an important benefit for females with a greater reduction in blood pressure control and a significant increase in flow-mediated dilation. Second, due to a significant publication bias identified in pooled SBP after aerobic exercise, the analysis result of SBP might be affected. Third, because the pooled DBP result was altered by excluding 2 papers, the final reduction effect of aerobic exercise on DBP might be misestimated. Hence, age, aerobic training time, obesity, and even diabetes might have some inevitable influences on the benefits of aerobic exercise in essential hypertension, and these influences might be attenuated by including more related research with larger samples. Additionally, the wider range of follow-up times after aerobic exercise in the included studies Wen and Wang Medicine (2017) 96:11 Medicine might be another risk factor for the heterogeneity. Thus, subgroup analysis with different follow-up times should be considered in future investigations. Last but not the least, due to different types of included papers, the qualitative estimation was not allowed.
In conclusion, it could be inferred that aerobic exercise training might cause a mild but significant reduction on blood pressure in essential hypertensive patients. However, more large and longterm clinical trials would be still required in the future to drive more precise conclusion.
